© 1994 International Union of Crystallography Printed in Great Britain -all rights reserved tris(5-acetyl-3-thienyl)methane, TATM, in which solvent molecules are enclathrated within a framework of TA TM host molecules. In the case of the n-hexane solvate, the ratio of TA TM to solvent is 3: 1 ; in the other three examples [benzene ( van Rooyen & Roos, 1991b) , ethyl acetate (van Rooyen & Roos, l 991a) and ethanol )] the ratio is 2: 1. In the latter two cases, ethyl acetate and ethanol, the structures were described in space group Pl, with two molecules of TA TM and one of solvent in the unit cell. However, in both cases the two TA TM molecules are closely related by a center of symmetry and refinement in Pl led to improbable values for many bond lengths and angles, presumably due to the large correlations inhe~ent in t~e refinement of a nearly centrosymmetnc model m ~ noncentrosymmetric space group. Refinement in Pl, which requires the guest solvent mo!ecules to be disordered, seems preferable, leading to improved R values and reasonable distances and angles within the TA TM molecules; because of the disorder, however, the solvent molecules cannot be described with confidence.
2TATM.Et0Ac
Triclinic; a= 12.329 (5), b = 11.229 (5), c = 8.229 (5) A, a= 98.42 (5), /3 = 106.43 (5), y = 99.05 (5) 0 , Z = 1 (van Rooyen & Roos, l 991a; hereinafter, RR). The Pl structure was refined to an R value of 0.084 for 4198 reflections (RR). Many details of the resulting structure were surprising; for example, the six structurally independent but chemically equivalent C-C bonds to the central atom C( 1) showed lengths ranging from 1.453 (8) to 1.638 (6) A; there were large irregularities in the bond angles and the Ueq values as well. After recasting the structure in PT (by moving the origin to the approximate center between the two TA TM molecules and averaging the coordinates of equivalent atoms), full-matrix least-squares refinement led to an R value of 0.082 for 4182 reflections recovered from SUP 54245 (16 reflections with Fobs values of 0.0 were deleted). The total number of parameters was 281, compared to 625 reported by RR. (The reason the ratio is not approximately 1 :2 is because RR refined the coordinates and average B's of some of the H atoms, wh~reas I placed them in fixed, calculated positions. Difference maps in the planes containing the methyl H atoms were ambiguous as to the orientations, so these atoms were assigned to two sets of half-populated sites. H atoms of the included ethyl acetate molecule were ignored.) The final PT coordinates are given in Table 1 .
The new refinement has led to entirely reasonable bond lengths and angles within the host TA TM molecule, equivalent values within the three 5-acetyl-3-thienyl (ATM) moieties agreeing nearly as well as the e.s.d. 's would predict. The same cannot be said of the guest ethyl acetate molecule, which is perforce disordered through a center of symmetry. Because of this disorder and the overlap that results (see Fig. 1 ), refinement of the individual atoms, especially with anisotropic U /s, was probably inappropriate; however, convergence to a not totally unreasonable model resulted and I could find no better way to represent the solvent area. The final coordinates of the solvent atoms (Table 1 ) are similar to those reported by RR; the same problems of overlap in the solvent area must also have pervaded the Pl refinement (RR), since the structure is very nearly centrosymmetric no matter how it is described and, accordingly, large correlations could not have been avoided. Ucq or B C(l) 1736 (3) 1677 (4) 882 (4) 406 (8) S (l) 173 (I) 4509 (I) -2249 (I) 484 (2) C (2) 1286 (3) 3684 (4) -1122 (5) 433 (8) C (3) 967 (3) 2650 ( (8) 3518 (3) 1328 (4) 251 (5) 546 (10) C (9) 2963 (3) 2033 (4) 945 (5) 423 (8) C(IO) 3685 (3) 3150 (4) 1711 (5) 459 (9) C(ll) 4754 (3) 3272 (4) 1575 (5) 496 (9) C (l2) 5720 (3) 4284 (4) 2110 (6) 574 (11) 0(2) 6572 (3) 4266 (4) 1726 (5) 898 (11) C (l3) 5643 (4) 5341 (5) 3155 (7) 785 (15) S (3) 1549 (I) 1777 (I) 5620 (I) 545 (3) C (l4) 1608 (4) 2374 (4) 3671 (5) 495 (9) C(l5) 1636 (3) 1439 (3) 2656 (4) 378 (8) C(l6) 1593 (3) 198 (4) 3485 (5) 420 (8) C (l7) 1548 (3) 212 (4) 5103 (5) 444 (9) C(l8) 1506 (4) -850 (4) 6364 (5) 531 (10) 0(3) 1459 ( Table 2 . Attempts to model the guest ethanol molecule were frustrating and unsatisfying (as apparently had also been the case for the earlier Pl model, since constraints were needed). An electron-density map through the major features in this region of the structure is shown in Fig. 2 , together with the atom positions that were finally settled upon. [Note that the two maxima in Fig. 2 are not coincident with atom centers; rather, they are accounted for by overlap represented by the large B's of the three atoms and, in particular, by the very large anisotropic coefficients U;i of the central atom Et( I), which lead to an r.m.s. displacement of nearly 0.9 A in that direction.] Perhaps the only thing that can be said in favor of these positions is that they survived least-squares refinement to convergence; other arrangements of the ethanol molecule can well be imagined, but my attempts at modeling them were never satisfactory. There is clearly a guest present and studies of the very low-order reflections clearl( indicated that, in this region of the structure (near 2, 0, ~), about as many electrons as are present in an ethanol molecule are needed in order to match the Fcalc with the Fobs· There is no reason to doubt the presence of an enclathrated ethanol molecule, but its orientation within the cavity is unclear.
2TATM.EtOH
Final PT coordinates for the heavy atoms are in Marsh, 1981) , it is these very weak reflections that are most sensitive to the centrosymmetric-noncentrosymmetric ambiguity and the convincing evidence found in this case leaves little doubt that the centrosymmetric description is preferable. The weakest reflections were not available for the ethanol compound, so a comparable test could not be done.* The four crystallographic studies that Dillen, Roos and van Rooyen have carried out represent seven independent TA TM molecules -two for the benzene adduct (van Rooyen & Roos, 199lb) , three for nhexane and one each for the ethanol and ethyl acetate compounds discussed here. Since each TA TM molecule has three 5-acetyl-3-thienyl moieties (Fig. 3) , there result 21 independent determinations of the bond lengths and angles within these A TM moieties. I have calculated the weighted averages of these bond lengths and angles, the e.s.d.'s of the averages, and the goodness-of-fit values based on the assumption that all 21 measurements are equivalent. The results are summarized in Table 3 . For the bond lengths and the internal ring angles the average goodness-of-fit (GoF) is about 1.6, quite consistent with the conventional lore that formal e.s.d.'s emerging from crystallographic studies tend to be low by approximately this factor. For the * It has been brought to my attention that Nordman & Schmitkons ( 1965) have proposed a somewhat similar test for centrosymmetry: a consideration of the dependence of the ratio of observed to calculated structure amplitudes on the calculated phase angle. As the phase angle departs from 0 or 180°, the relative contribution of the antisymmetric component of the calculated structure factor -the B term -becomes larger, as must 1Fca1cl itself. This effect is most pronounced, of course, for the very weak reflections and I urge once again that all reflections be retained if there is a space-group ambiguity of this sort.
\:_1) Fig. 3 . A 5-acetyl-3-thienylmethyl (A TM) grouping, showing the numbering scheme used in Table 3 . Atoms C(9) and C(l5) belong to other thienyl rings and are chemically equivalent to C(3). 
external angles at C(3) and C(5) and especially at C(l) the GoF's are markedly larger, clearly suggesting that the variations are real and, hence, that the molecules undergo various types of flexing as they pack together so as to form the cavities appropriate for the particular solvate molecules. Thus, the 21 measurements of these exterior angles cannot be considered as equivalent observations and there is some danger in trying to establish standard values for them. However, the bond lengths and the angles within the rings can be accepted with good confidence; one notes, for example, a significant difference between the two C-S bond lengths.
But probably of more interest is the clathrating behavior of the TATM molecule. In forming cages for four different solvent molecules -benzene (van Rooyen & Roos, 1991b) , hexane , ethyl acetate (RR) and ethanol (DR) -the structure selects each time a different triclinic cell, space group PT. [The axial lengths of the ethyl acetate and ethanol compounds are similar, as are the projections of the structures onto (001 ), but they are far from isostructural.] Thus, the compound can form at least four different types of cages, depending on the size and shape of the captured solvent. Yet these solvent molecules pack very loosely: in all four cases the Ueq values of the solvent atoms are large (0.12 A 2 or more) and in the cases of ethanol and ethyl acetate described here the noncentrosymmetric Distance (A) Ethyl acetate compound guest molecule is disordered within the centrosymmetric cavity. Given the obvious ability of the TATM molecule to form cavities of several sizes and shapes, it seems surprising that the enclosed solvent does not fit in more tightly, particularly in the case of a polar solvent such as ethanol, which might be expected to form a hydrogen bond with an acetyl group of TATM. That this is not the case is clearly shown in Fig. 2 : there is no concentration of electron density toward the outer region of the solvent area, where a localized -OH would surely lie. Nor does any acetyl 0 atom lie within 4 A of any of the solvent atoms as finally positioned; the nearest neighbors to the solvent are a methyl group C(7) of one TATM molecule and a ring atom C(5) of another, at about 3.5 A.
Two final comments. (1) It is doubtful -particularly in the case of the ethanol compound -that the coordinates assigned to the solvent atoms bear much resemblance to reality (see Fig. 2 ). It seems quite clear that these ethanol molecules occupy many different sites and are quite likely in dynamic flux at room temperature. The situation with respect to the ethyl acetate compound is somewhat clearer (Fig. 1 ) , but by no means satisfactory. To demonstrate more clearly the situation, the bond lengths and angles calculated from the final parameters of the solvent atoms are given in Table 4 ; they are not dignified with e.s.d.'s (which, formally, are in the range 0.03-0.04 A). There were similar problems in the earlier Pl refinements (DR; RR). (2) As in all cases of this type, the choice between space groups Pl and PT is not a clear one, since diffraction intensities are incapable of detecting any small deviation from centrosymmetry. I can find no indication that either of these structures could be better described in Pl; for example, the host (TATM) atoms lying at the edges of the solvent cavities do not show the anomalous U u's that would be expected if they actually lay in two sets of positions (as would be necessary to create a noncentrosymmetric cavity). And if correct Pl structures exist, it is clear, from the anomalous bond lengths, that the earlier refinements did not conv1..~·ge to them. The advantages of the PT descriptions seem overwhelming.
Computational details
All calculations were carried out on a V AXStation 3100 under the CRYM system (Duchamp, 1964) . Full-matrix least squares was based on the minimization of the quantity Iw(F/ -F/) 2 , with weights w assigned according to Hughes ( 1941 ) . Final shifts were never greater than 0.05u; excursions in final difference maps never exceeded 0.4 e A -3 . Fig. 3 was prepared with the help of ORTEPII (Johnson, 1976) .
